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(57)Abstract: 

PROBLEM TO BE SOLVED: To separate easily a 
sapphire substrate with good reproducibility and to 
improve the heat dissipation property and leakage 
withstand voltage property of a semiconductor light- 
emitting element, by a method wherein a first electrode 
is provided on the end on one side of the ends of a 
laminated material formed by laminating a plurality of 
layers consisting of a nitride semiconductor layer, a 
second electrode is provided on the other end of the 
laminated material, and the thickness of the laminated 
material is specified. 

SOLUTION: An N-type GaN layer 15 is crystal-grown on 
a sapphire substrate via a lift-off layer by a hydride VPE 
method. The sapphire substrate is separated from the 
part of the lift-off layer to use the layer 1 5 as a 
substrate, and layers 24 to 30 are grown by an MOCVD 
method. Moreover, a ridge structure constituted using 
the current constricting layer 29 is formed by a 
photolithography technique using a photosensitive resist 
and a dry etching using reactive chlorine ions. The sapphire substrate can be separated, the 
mirror surface end surface of a laser can be stably formed and the oscillation characteristics of 
the laser can be improved. Moreover, by forming the thickness of the part of a semiconductor 
light-emitting element in a thickness of 20 i m or thinner, the luminescent points of the element 
and an element adjacent to the element come close to each other, the element is easily excited 
by light from an active layer of the element adjacent to the element and the luminous efficiency 
of the element is enhanced. 
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^KVPE^^^GaNllOSMfilfclC, ^ 
i^Srl^STftSLTtt77^7Sfil 0 1 ;$Sffl 

tCiAlTl f^Ml 1 0 6 WgUtg 

t\ L^Sf^tr, Wi^LfcJ: pjfe^jfe^J: 9fjftWfe-5^ 

0 l £^ J_omH*-S&lfiSi-5 C ir 6 0 

[0068] ^mMmmizm^xh, mrnvt^^r^ 

[0069] ^^t\ ^mMBm^^^xy--7T^Tm 
j&i o i<DmmzM&irz>mM&. m& (a) tc^ufc 

J;5iCli:^, ^7^^^C$tTHg 

[0 0 7 0] ^fc, **BJ*^K^co^{cJ:ixfi. -y- 
C /po A ^ B ft 3 fflf* i: -T 5 £ &##*£»;*q# « 



(7) mill 2 0 0 0-101 1 3 9 
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^7^WM^SiIloo, DflSRSrG a Ni 1 0 3 

[0 0 7 1 ] 07lt *ISlS^«8^J;9«5fiLfc#*# 

f^EHc&^TJ:*, SStUTffl^SGaNllO 
3 ^|^^ 0 x±ft!|tc^SixT^So f^El^ 1 2 0 6(^iii 
^7^ Kg (G a Nl : T V K— 7\ if J?4 0 nm, A 
1 G a Nil : S i K — :7\ 3 — 5X10 18 c m" 3 . /fi? 
10 4 0 nm, ^1J?0. 8 ,u m) , 2 0 7fj:Ga NjfefflD 
iA#>Jf (TVK— ^\ 0. l^m) , 2 0 8liIn o . 2 
G ao.sN/Ga N-MQWffittJl (T^K— :7\ #7^ 
Ji 2 n m, PtHS 4 n m , 3 MM) , 2 0 9llGa N^t 
BflCi**WI iTl/V—7\ 0. 1 //. m) . 2 10(111 
(O p MA lo. o 3 Ga 0 . 9tN^7 7 KJH (MgK-^ 1 
Xl0 is cm~ 3 , S i K-7\ lX10 17 cm- 3 , 0. 

1 /z m) ,211 ttnSA 1 O. 03 G 3 o. 97 

( S i K~ ?\ 1 X 1 0 1S c m" 3 , S i :t\ 1X1 
0 17 cm- 3 , 0. 1 ura) . 2 1 2ttl2COpiA 1 
20 o.o 3 Ga 0 .97N^7y K.I (M g K — 7% 1 X 1 0 1S c 
m~ 3 . Si K — T7\ lX10 17 cm- 3 . 0. 1 m) , 

2 1 3(ipMG a N^V^^ hSSr^tL-^n^fo 

[0072] mttbtzf&mmmkisxn, ^-r, g 3 n 

1103 CO±lZ y KH 2 0 6 — mSK^.S 211$ 

SAl, ^2<^^7 KJ12 1 2 k^^& <? h|2 1 3 
^^S-T^o l^ — U^^F-flfag 10 6 CO— igcO^Sfl, 
30 MOC VDffiia t9tT9 C ^/^T^^o 

[0 0 7 3] ^(DX olZVX&Mlsfz.^^—^ttZ.m^V 

fy^n fPijmt^^Wb. TfUI- pffiiJ®fiBS:^-r-5o 
[0 0 7 4] tJffiiSSttit^Vi*:**:*^ 

zt&x$z>(DX\ vm^mK^xm^Wm* 

£ i*\ ^ 5/ ^*>r X h '^Mik-t % r & T# 6 0 
[0 0 7 5] ^^Xo?±T^r&]^mSES:fifEi-C <h 

^1, 1«5 OmWcoEbf^#^to^T 1 0 7JP3fni3£r!g 
^ § f¥ ^ ^ffl $ ix S «S * b 4x o 
[0 0 7 6 ] i8H, *Hifcff2flgfc: J: 9SSig$ix5^3jr 



13 

i^xmrn^mm^m-t^^ msou-^mwa, 

hyy^ 3 0 0ch ]±RMMcommi^ P MWM 2 6 0 tn 
ffJlSIS 2 5 0 £ JlT 

[0 0 7 7] ^<D^-f ^^&^-r-5^^, ST-fi? 

iiio6<7)M4m [g]7^fttj^L^xsi(H]C"eg: 

tcD#:\Zn®m^2 5 0 SrJK^E-t-Sfc^cOJiy^- 
y^S^^^o *r#fc>*>, Ci6tCpf|iJ«ffi2 6 0 
^y^ttf^t^o pffi"jmffi2 6 0^ 

U ^X^co£|^£ K7-fx y fy^i;j; <9iSS^J 10 
y^tt nlG a NI 1 0 3 SrSUlJ-itSo S 

«1£W^SrS i 0 2 liy-^PMK2 4 0t«-; o * 
^iC, nMmm2 5 0 4r^-f^ 0 

[00 78] 0 8(-^bfcu— r§gaco#-&^^, 

^ co ffi ^ #«E b & v ^ co T\ f^co^tB ^Jij^^j ^fl^x u 
[0 0 7 9] Uciz, *HJS^!!g(D^0!l^o^TiftKi- 

(a) fc^bfci: 5 f-, i^^T'YTS^ 1 0 1 co_btc/> 
Yy-i KV PESia?) G a Nil 10 7 £rjjft 1 ;i mCO 

[0 0 8 0] »cic, Hi 9 (b) Sd.^L/t J: 9 dig 
t5o Jlrffcftfrf*, El^b&^^^^U K^-f 
^^/^>-^7i^ffi^TW^^l2 mt'SS 3 mCD^ 
V^lsf&m^Xmi 0 2 *ffi$tfr%> 0 

[0 0 8 1 ] #ctCl. El 9 (c) t^bfcJ: 0 G a N 
l^Sftt^o ftW^Cil ? -3— ft'M' K 30 

7>f Kj*;S3Saf-*Ab, #*J 1 0 0 n m(DMf^(DG a N 

l 0 7^^fc°^^->^/u^;S<D*SH%^<!r*9 , iff l 0 2 

[0 0 8 2] ^rcom, ^as-c^si-rsrtfrj:?), ej 

9 (d) l^bfccfcplw, t7 7 ^TlSl 0 1 Srfilgt 
t5^i:^t^5o -<£>f&, |#btlfcGaNll0 3i 
1 0 7<^«Jift:Sr»ffc^«i: UMOCVDHi;? 

[0 0 8 3] &*3, G a NJ1 103 Jr^fiSI-t^r^ 40 
T^tSl 0 1 7^Jp§ b^V^^^fi, «?zc— /n^-^cO^ 

^^rWb t7 7 ^7Sfil 0 1 £:i&l$tbTfc&t\, 

[0 0 8 4 ] ^M^nzm ^xh. m 6 -Ei 8 {cga br 
wim^tzm^^m^mmizm^^t-^x^ h 0 £b 

**flcj?!ltc*5^T(i, f7r^7Sfil0l(/)ll: 

WGa Nil 0 7£r/&gf->5,L tlZ£ V, s t<V±(DG 
a Ni 10 3 (Df&m-mM, tt£<9 , S10 2 £rgcS IT 
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[0085] ^mmmM(Dm2<Dmmm'c^^x 
mm-t&o mien** ^m(om2mmmmcom2^m 

*i\ E110 (a) {z^VfcX o t-, U-^r-YTffigi 
Olco±li«i0 2S:Mt5o AffctotrfS, i^^r-T 

2 0/iniCDlt4^4 0 ^ .rnF^BST^^c-rSo 
[0 0 8 6] JJctr. El 10 (b) C-.^b/cJ; 9 frig COI& 

g^^^li0 8«S«o AttttiriS, «i02 
W^BF|5^{^El^b?fcv^^^Sr^^;b, S i o z f£i? 
&*attv^^il 0 8tt-5 o r<Z>4§-£\ -^^js 
108 s i o 2 ^/f:^fi^ 7r ^rcofgco7^^^ 

fe£ 2 0 /im»Ttfcix(ffi< , #J;tii 1 jtimi-f-S^ 
[0 0 8 7] JSfciC, El 9 (c) t^bfcJ: 51^, G a N 

^-r K7^f K^csaseic^Ab, aioo/i mcQji^Go 

GaNll03^ft^ r.CO^{C. it 1 0 2 <Z>j£g|5 
{c^^-^^^Ji l o 8 S:f2:(tfc^<J:^J: f9 , GaN(OS 

cOigl 0 2<£>j£gI5f3* is^rteFlZX&MJltDmcD 

m^m^L-xi^m^^^\ z.<d&? ^ 

9, ^cO^tf)^ fltl 02^GaN|l 0 3 Id J; 9 5£ 

< mmx-r. ^<d±{zj^m^ ^m^m^n^^/y^ 

[0 0 8 8] ^^Jtmi^m^Xte. mi 0 2<D&U\Z s 
i O2*ifco-^^^S 1 0 S&mrt&^tiZk V , Ga 

?ik¥-mt co^t°$*i/^jum&%&^t^x^z> 0 

[0 0 8 9] *^^Mf-J:!9. doct^l 0 0/imCOlf 

h) 4 @ io - y III btui^o fc 0 £ 

fc. GaNll 0 3^ftt/^x-/N^W K7-Y K 

r^fTSSi o i^sfi|pSbfc 0 

[0 0 9 0] £ bt^, ?#5>tbfcG a Nil 1 0 3<D±lzm 

^{•Co^T5M^cotiJ^Si^'?TV\ St^G a Nil 10 35: 
iSSbTti ^^>, #tj£rt#bix7c:G a NM 10 3 <t |^1«6<D 

[0 0 9 1 ] ^coj: *^WwJ;oTt, 
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[oo9 2] *mw<om 3 (Dm^mm^^ ^x 
mn-tZo mi ^m<Dm3commmm^m-r 

<fc, ^JH]4 I or^4 0 2t±pmnm. 4 0 3|j;plGa 
N^^ni (MgK-7\ 3-5X10 19 cnf 3 , 
0. 0 1/im) , 4 04liSlWAlGaN^7$/KI 

(Mg K-/, 3 — 5 X 1 0 ls cm- 3 , O. 7 n m) . 
4 0 5 ISA 1 G a NlSttl ( S i K~ :7\ 3 — 5 X 
10 ls cm- 3 , 0. 2/zm) , 4 0 6 fil2(OA 1 G a 
N ? ^ vy K./f (M g K — y\ 3 — 5X1 0 is c m~ 3 , 
O. 1 urn) , 4 0 7(j:AlGaNt-/^7D-pM 
Jl, 4 0 8ilGaN^Kl (T > K^T 0 , 0. 1 M 
m) , 4 0 9 f^MQW ( I n 0 . 2 G a o. sN/ I n c . 03G 
a 0 .9 7 N, 3mm) Sffif* 4 10liGaN^Ki 

( S i 5 X 1 0 18 c m" 3 , 0 . l/tra) 4 

3 1 n MA lGaN^7^Kl (Si K— >>\ 3 — 5 
X10 is cm~ 3 , 0. 8 a in) , 4 1 2(iniGaN^ 
y^^M (Si hW, 3 — 5 X 1 0 ls c m" 3 , 0. 

0 1 u m) ,413 f±G a U nlG a Ng (S i K 
— :7\ 3 — 5 X 1 0 ls cm" 3 , 0. 0 1 ^ m) % 4 14 
finfJJSfigtrfeSo IrIEI^s 0 oiib— 

[0 0 9 3] rcoj: if^fl, t7r^TSS 

10 1 <D±iZ^¥?3ri/-Y;Uj&-g:i-Z ) Z kfc£ 9 Kati" 
5vii:^tr#5o -r*t>^>. Ill (a) i^b/c^? 
i-r, mo c v DStr J; 5 1 7 7 >f rlfi 1 o 1 (Oltci 
T-HfitgfU 0 1 &F&M1rZ> 0 
[0 0 9 4] Afls^fwte* £"f\ G a Ni4 1 2 frhA 

1 G a N1tsfc#e^g4 0 5 * T?£: C KlJ- 7 T T 

Sfiioi^±l:MtSo -<e>^ MOCVDgfco 

^cfi^j; 9 ^frm<o mu «»fc»^ii4 o 5_hco 
— SB^-^^^&^jsKb^^y Kg 4 0 6^gim-r5^-e 

^ y ^ > ^ SrfT ^— g|5 S: |&5fe U m tfft ^ Six 5 gB^ 2r S 
ft*:?£, fWcfi&-m^ 7^Kl4 0 4 ^y.^^ Kg 

4 0 3 

[0 0 9 5] &tc, (Ui i (b) Id^bfcJ; 1^^ 
r-fTSSi 0 1 (DMMMfrb if3tSrfig*ti--5o 1~ 
GaN|41 2^^^j;i9^^n, \) $ J* 
(Ga) (N) H^tli^IUl, Ell 1 

(c) C^bfc£ 5W7 7^7lSi 0 l 
ZkfcX%Z> 0 

[0 0 9 6] * zx-mM-tZ u-if3fci bTfi, ^^r 

-YTSfSl 0 1 CO±tCfi£S$ttfeG a N14 1 2 [Ijol^ 
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2 0MW/cm 2 ^i<ht?): ( !r^If U\ {B 

Sr^tfJS"Cfe54i-&^tt, lMW/cm 

-c t> s« s: #j Bt-t- ^ r t tjs ^r#g -e *> o fc c 

[0 0 9 7] I<7)J;5irLtt7r^7fflglO iSril 
B(H"3 <k, G a Ni4 1 2 £>fHJffliffiM;fc^TG a N^S^f 

y ^ (Ga) k^mtizftmi-s mm^n^m^m 

BSbTG a il ^y^G a Ng 4 1 3 i^/iJc £ *t 5 0 
[0 0 9 8] Cicoj; LTt77^7lSl 0 1 
10 BSU7t^^-1f|ig4 0 1 CO±T^M^4 0 2, 414 fcffi 
/&U ^tBBLT^y^t-rSo Ga^-/fGaNl4 
1 3 60±trnftO®ffi4 1 4 ^^.-r^P^i^t^, tt^irG 

aNi4i3 k&&&ikv j $>ir< . mmmtfi^^x 9 

[0 0 9 9] pitffi4 0 2S:t-hv/y^5 

-tztzibiaL nn^x^fo^ixcDm^&ykm^T 
<dw&wz* hi/>-?cDmmn, s (cu) , tju 

20 (Al) ^fc^-t^v^-Tix^co^^tcJ: 9 =3 — 

f^^^T^/cJ: 5& I n C-f^^"^^) 

^fy a (g a ) fe^^^-r-r (s n ) , (p b) ^ 
^ ^fiBi^jR* eg &m 1 ^cs^fr Ban t^oTi ^fc^fe 

[0 10 0] r J: 5 bTS3tb7t if3£»S:S(j^S 
b^V^ffi7 0mA-^i«aSliilfc o 
3gJeiSft^4 1 Onra^^ W^M&te 3 . 1 
30 V-e&ofco f7 7^7M^m < !:^< 

b^SS*^«J; 9 , b#^fiSS:i6^<i:i-5fgiRFtt*eftS-f- 
[0101] *fc, -y-^r^rS«±(^jf^b7t^*co 
40 S4:^otv«, -ni:J±:«bT*3IJS^flgi^J;ixtf 

[0102] $ ^fk^^^tt: t temmm&M<D 

77-^7iS^G a N#Sr^bTl^C7tixM^^^7h 
[0 10 3] ^^l, *jlI«i[3^Tt) 4 fJHfbfc-y- 

50 [0 10 4] fie?Kfl, ^nir^^cO^tS^^^^r^^ 
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oTto b^u zokoizm^m^-ete. m^m^fs 



(10) Wljrl 2 0 0 0 - 1 0 1 1 3 9 

18 

[o i o s] *3§^*f£, ^^j: o^m^com^tm^ 
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Effc4&JB# s A I G a N 

(AifMii5%) , Stfcte, t-hi/y^i:gir 

t^itti/lU nGaN (I nMlil 0%) CO U — 

o?m^ J;!9tf?>o# # fe § ^ , §if T-coj?^ #5*5 j:-^: 2 
[0107] ::-c, -»-7r>rra«S:fiJBIbT»e>tt 

v\ Stf-CDG a NJii:^#BB^I^^5ptT{w^a J: p^Bfi 30 
VttttZZ bi/\, wCOct 5 u — if co 

X 0 t£Wfok bTte, Si, S i C, G a A s , I 
nP, GaP, GaN/^^ffll^I<tm§o CI <D 

[0 10 8] #ciz, *Hl£^fl§^2C9 ; g r flc0iJfroV^T 
a«t5 0 @13lt ^ffi^tlco^2co^ff^J^^-r 40 

1 o i <D±\zm*fflm&Bj£\^fr$tm&m-to mmizm 
L-xit* mi 2iz<>\t*xffi7&i,tz.nftbm—<DUftfc 
^, m-<Dn^%tt\^x%nmmm±m%-tz>o 

[0 10 9] 0 1 3\Z^L.fz_^mmz^-X\*±, 
S«:^W5777 /^fi £ tf ^ n£ H ^ ^ Bl S: 
t?)o AflcftH-i*, t77>f7Sfil0 1<^±|:GaN 
I5 0 2 «gl, tHtTG a NJ1 5 0 

2 co-asrs 5 x o s i o z m 503 

-T^o -^cOfg, SWOCVDaCiAl, SiQ 2 50 



15 0 3 OPflBftiCiStbi-S G a Ni 5 0 2 <D 
J: 9 , G a Nl 5 0 4 &-/5£K-#-& 0 



[0110] ^com. 



f', if^r-fT^l 0 l cDSffiM^b i^-if^^^Jf 
ITS® 10 1 &Mm b, G a Nil 5 0 4. Si 0 2 g 
5 0 3, G a Nf 5 0 4 Sr K7^xyf y^j; ? ^ 
tt=«^^ hl4 1 2&m\ti£-&Z> 0 £bt-C. mffi^r 

^ b-c u—if^^-^^-r^o 

[0111] ^§£ff^J$c £tU3\ f7r^7Sfii 0 l 
Stf- (O & m <D 0 e B ^ Hg ^ ;M§ }c «4> b . ^® ^ 

hizm^mini&fa^z^Z) ^ktfx%& 0 

[0 112] *HJE^S^^3 co^frM^o^T 

10 1 co_h^G a Nl 6 0 1 £rjSfi b. 
«SS^?>^^— ^Srffit? Mb, — SB^SrSlbTS i 0 
2 l6 0 2T«^13o ^co^, lfc>^fi^tT9o -T 
GaN/<y77l6 0 3, I nGaNf60' 
4, n MG a Nf 6 0 5, niG a N/A 1 G a Nigfe 
^?=7y¥m (GaNf : 7XK-7 9 , 4 0nm, Al 
G a N/f : S i Zf* 3 — 5X10 is c m" 3 , 4 0 n 
m, ^HJ¥0. 8 /im) 6 0 6, G a N7t^b5A£>jf 

(7VK-^ O. 1/iin) 6 0 7, In Q . 2 Ga 0 . sN 
/GaN-MQWgtti (TVK— :A #Fl2nm, 
Ptll4nm, 3iDffi) 6 0 8, G a NJtEfl Dii^.S 

(T>K— 7\ O. l//m) 6 0 9, IlOpSAl 
o. 03Ga 0 .97N^7 3/ KI (MgK-/, 1X10 1S C 
m" 3 . Si K— ^, lX10 17 cm- 3 , 0. 1 jj. m) 6 
10, nSAlo.o3Ga 0 .97NHM^l (Si K~ 

1X1 0 ls cm" 3 , S i )-—y\ 1 X 1 0 1T c 
m- 3 , 0. 1/xm) 6 1 1 S:^6Qjliic:fig;fi-r5 0 

[0113] ^(Dm&M'mfch'y^—^&m y aib, m 

CO^^^/ KS 6 1 0£:fStti£^, $bCl2^pMAl 



19 

o.o 3 Ga 0 .97N^7y KJi (Mg V~7\ 1 X 1 0 ls c 
in" 3 , Si K— :7\ lX10 17 cm- 3 , 0. 1 u m) 6 

12, nSGaN^y^^ M6 1 3^fit5 0 r. CO 
^S£*b/cfcco^[2 1 4T*fc5o 

[0114] ^GOflL i^T'f Tfitg 1 0 1 (OMMfrb 

— Ifit^ffiSirbT, GaNi:^lT(j;gfltI nGa 

G a Nif6 0 4iCU— ^^P^lR$-ttTm#^ct «9 I n 
G a N^^Sil, t7 7^7Sffi 101^ fcCGa 
Njf6 0 1, S i 0 2 l6 0 2fej:i;GaN^^77l 
6 0 3 SrPIBt-T S r <h 7^T^ 5 0 

[0 115] InGaNi6 04^In Wyi>!?^) 
[0 116] re/? J: -5 ^bTfiM bvtflL ^^-coffiffit- 

[0 117] £fc. Ell 6te, h*>^ 5 0 0 ^:5 

^fA'i^»®ir jo^T p fMSffii: nftOmSESr^b^^JS: 

<Dtmm\z. i^7T-rTSffi±^#JiSrS H ^sb. a 

*g<7?*ffi^?5 ^Tt^HW-T^^ i:^ J: 9 KISS: SHI 81 

«ra-^W-^S:f+bT»*W*BiMfi:«l&-rSo 
[0 118] *3IJE^ISt-*5V^rt, ^^T-YTSffi^r 

&mmi,x'&ibti%m^'<Dm&*& 2 o umj^Tt-r^r 

itui£bfcJ; 9^«it5: 
[0 119] m 

m) m^-^^^xmm-r^o 
[0120] mii\±, ^mmzx vmhtiz^? 
m^-^^m^&i^-r^mitMxh^o # 

8S1«l^«Ji bfc«^c^#-r^o *ix^ti<D if SFP 7 
tt^SHt)*t^o — «SiwjEfiiftOo®SE 7 l 0 

^iatt^ix. <niiffi^figffi!i^a:ffi7 2 o/;^^e>^^ 0 
if sh 1 7 0 1 ituM! b^^ 1 75^31 3 mmnmiz 

i£ At*. !T^li7 1 0, 7 2 0«MTIt3o 
[0 12 1] r<D<t ?t£7s$ ^iEiSStH 

SW^nSo il7(:io^T(j;, SfrsyiJKu— ifHt 
^7 0 1 Sriffijf bfc u-~ -if^f^b/c^ ^^^(tig^fi 
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0 1 irfiif y r^rS«^^^co^^#tt^a»T# 

yt£^$ v?mi—f7')mhthz> 0 -^z 

X if MS, Hflcu— if^;tf 

[0 12 2] ^^iCjznti, ^{CiSSUJ^T'tr— A^/K 
s/ h^/J^l^t^, ^agfls:^ — !f ^^KifigEIBrtS-e 
t 3 ^ t SrflJffl-TS ^ t JC J: 9 U — if v i ? ^ (£>3fc 

10 ag<t LTtMCSSK)^^^ s/^^t-— 

[0123] *5!K#(D|I»(7)*S*, B17C0 iHz 
®»fESraAbfci:C^, Sft^mEEl 5VTiSUtv|( 
15 0mA, mWiMMl 0 Air*5V^TW^ 9 OWCO^* 

if m^r 7 0 1 <DWfy& 2 0 a mf£S£Wt\ 5 ^tt^tTc 
^r'^iwfi, t - h^y^ 7 0 2(DJf $S:.Jpx.Tt, 

[0124] 'dmcDMltiJj*? V ^SU- ^f^jo^T 

20 te, ssstjcofi^^u— if^-T-comt^r^^i?^^ i o o 
mEdt*!) , 19 , if m^(om%&<Dr$mfc 

ifT*f±, ^ti^^^-iF^bJifeUiStiS 1^ — !f t — Afj: 
3fi A b fc t x-fe <9 . ^5 *^r/i?^ b Ml W ^ ^/c g»S 

[0 12 5] C^i^lt, **MtCj;nfi, m*<DU 
—^fmi L 7 o l coJ¥^Sr 2 0^ mgftttS - i: fc J; o 
T«3t^dSia»b. tiS^»S!-f-5u-if*^^fecD5t 

30 -ifig^-70 1^, BS^-rs^^S14Ji^bco3t:S^J: 

[0 12 6] Ell 8fi, ^^m^X^>^^ ^y^m^— if 

^II/- ifiC^o^Tfi, 7 04 t bT^V 

^ ^ J: 9 , if*T- 7 0 l co^r4x^nS:fliSatwSiJ«J 

[0 12 7] ^^c, ^rtb^tt^^7 0 KDMmht- 

40 h^y^ 7 0 4 co±coil®^ ^m^-t^fz^lzMM^^ 

vmrnvm^-r^^t^z^^) ^ zn^xm^x^tz.x ? 

i »9 ^ «t h mSE y " ^ Srfti^L 5 C i: 5 Q 
[0 12 8] ^7^:, fc:— h^>>^ 7 0 4 <D_hT^bJE;£> 

KcO.^°>K^^y ^r^^C, tftli«?£t^/h$ < 
Hfc<D\&Wifr El*b S o f^]0# ^ < 

50 [0 12 9] *«^(7?^^?/^M^--ifS:l>--if7 p a^ 
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* ? 9 ic&m lf:i;5lOOO>f yf^^ilEt* 
/H^T^fcCQT 1 5 0 0 kg tfco/cTT'u 
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